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Wc, International Business Machines 
Corporation, a corporation organized and 
existing under the laws of the State of New 
York^ United States of America, of Armonk, 

5 ^^ew York 10504, United States of America, 
(assignees of Eugene Stewart Sciilig and 
Haiiold Sobol) do hereby declare the inven- 
tion for which we pray that a patent may be 
granted to us, and the method by which it is to 

10 be performed, to be particularly described in 
and by the following statement; — 

This invention relates to oscillator circuits 
and more specifically to such circuits wherein 
superconductive components are employed, 
15 An oscillator embodying the invention will 
now be described by way of example with 
reference to the accompanying drawings, in 
which : — 

Fi.^re 1 illustrates one arrangement of an 
20 L — C oscillator according lo this invention; 
Figures 2a and 2b, Sa and 3b^ 4, 5, and 6 
show curves which help to illustrate the 
operation of the oscillator circuit of Figure 1.; 
Figures 7 and 8 illustrate additional L — C 
25 '^scillaior circuits according to this invention; 
, Figures 9 and 10 illustrate oscillator cir- 
cuits according lo this invention which utilize 
transmission lines as the frequency determin- 
ing element, and 
30 Figures 11, 12 and 13 show cxuves which 
help to illustrate the operation of the oscillator 
circiiits of Fij^ures 9 and 10, 

Reference is made to Figure 1 for a de- 
scription of a cryogenic oscillator according 
35 TO this invention wherein the resonant fre- 
quency is determined by an L — C circuit. A 
source of direct current 10 is connected 
through a variable resistor 12 to a switch 14 
as shown. Resistor 12 is sufficiently large 
10 compared lo the impedance of the rest of the 
circuit that the current I.^ is a substantiallv 
constant current. Current from the battery 10 
is designated as 1^ and it flows to a junction 
point 16. Between the junction points 16 and 
h5 18 are two parallel circuits. One parallel cir- 
cuit includes a gate 20 of a cryotron 22, and 

V 



tlie other parallel circuit includes a control 
winding 24 of the cryotron 22 connected in 
parallel with a current source formed by a 
resistor and battery 26, and in series with a 
capacitor 28 and an inductance here repre- 
sented by coil 30. The ctirrent I« from the 
battery 10 divides at the junction point 16 into 
two components 1^ and I». The cxirrent 1^ is 
the current which passes through the gate 
element 20 of the cryotron 22, and the current 
Iz is the current which passes through the tank 
circuit composed of the capacitor 28 and the 
coU 30. 

All interconnecting lines as well as the 
control winding 24, the condenser 28 and the 
coil 30 are fabricated of a hard superconduc- 
tive material, while the gate element 20 is 
fabricated of a soft superconducrive material. 
The source of current 10 supplies operating 
current to the circuit shown, and the source 
current 26 supplies a bias current to the 
cryotron 22. 

When oscillatory currents are desired, the 
switch 14 is closed and current 1^ is supplied 
to the juncnon point 16. The quiescent path 
of the direct current is the parallel branch 
containing the gate element 20. Assume that a 
portion of this current It is transientlv diverted 
to the junction point 32 in the parallel branch 
including tank circuit. The current It flowing 
to the junction point 32 and the current li, 
flowing to the same point combine in an aiding 
dirccnon, and they are applied to the control 
winding 24 of the cryotron 22. These com- 
bined currents flow to the jimction point 34 
at which point the current It flows through 
the condenser 28 and the coil 30 to the 
junction point 18 while the current lb flows 
to the battery 26. The current Ii and the 
current 1;^ combine at the jtinction point IS 
and flow as current I* back to the battery 10. 
Let it be assumed that the total current 
through the control winding 24 of the cryotron 
22 creates a magnetic field on the gate element 
20 which is greater than the critical magnetic 
field of the gate. This drives the gate element 
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20 resisdvej ihereby divcning more of The 
battery current I^, co the parallel circuit includ- 
ing ihe tank circuit. This charges the capacitor 
2Sj but as the capacitor 28 acquires a charge, 
uhe current li is diminished. As soon as the 
current It is reduced to a value such that the 
sum of the current It and the current lb is 
less than the critical current of the cryotron 
22, the gate element 20 reverts to its^ super- 
conductive state, and the current I^ again flows 
through the superconductive gate 20. The 
resultant wave form of the cutrent in the 
tank circuit during the period when the gate 
element 20 is resistive is that of a damped 
sinusoidal oscillation. The wave form of the 
current in the tank circuit during the period 
when the gate element 20 is superconductive 
is approximately that of an undamped sinu- 
soidal oscillation. The amplitude of the oscil- 
latory energy may build up because^ the energy 
supplied from the source of working current 
10 during that part of the cycle when the gate 
element 20 is resistive may be made to be 
greater than the energy dissipated. 

It may be shown that the energy in the 
resonant circuit is increasing at any instant 
when the gate element 20 is resistive and the 
tank circuit current I^ is positive and less than 
the supply current L. This neglects dissipation 
other than that of the resistive gate and the 
effects of loading the tank circuit. The bias 
current is necessary to prevent the gate element 
20 from becoming resistive during the negative 
half cycles. In this connection it is pointed 
out tliat when the capacitor 28 is discharging, 
the tank current I^ opposes the bias current lo- 
Thus the. bias current lb is made sufficiently 
great in amplitude to prevent the oscillatory 
currents on the negative half cycles from 
driving the gate element 20 into its resistive 
state. 



Incremental gain, i.e. the value of 



dl. 



at a specified point on the gain cturve, in the 
cryotron i3 necessary to switch the gate from 
its superconducdve state to the resistive state, 
and ince versa^ for the purpose of maintaining 
oscillations. The resistance-field transition may 
be quite abrupt^ but absolute abrupmess is not 
essential since other modes of operation may 
occur where a slow or sloping transition takes 
place. 

Sources of dissipation other than the gate 
resistance, such as dielectric losses in the 
capacitor and interconnecting lines and load- 
ing of the tank circuit, will somewhat modify 
the operation of the circuit and the conditions 
for buildup. Nevertheless, the total waveform 
of the oscillator circuit is approximately sinu- 
soidal, the deviation from this waveform 
arising from the existence of resistance in the 
gate during part of the cycle and its absence 
during the remainder of the cycle. 

At this point it is convenient to analyse the 



circuit in Figure 1 and demonstrate a proof 
of its validity as an oscillation generator. For 65 
this purpose the direct current I, is considered 
energy supplied to the circuit; the instan- 
taneous tank current is designated it; the gate 
current is la — ix. which is designated i«j and 
the resistance of the gate 20 when switched is 70 
arbitrarilly designated Rg. Other symbols are 
defined as they are introduced subsequendy. 

In order that oscillation be building up or 
maintaining itself at any instant, it is essential 
chat the energy supplied be equal to or greater 75 
than the energy dissipated by R^. It is demon- 
strated hereafter how this affects the circuit 
parameters. 

Energy supplied ^ energy dissipated 

I, i„ Re- > i^r^R^f 80 
If IS positive, this relation becomes 

(If i^ is negative, energy is lost unless L is 
reversed,) 

The conditions reduce to 85 

(1) ic > O 
or I« > u 

(2) I. > i. 
or it O 

Combined, we see that for buildup or main- 90 
tenance, 

O < i. 1< h 

is necessary when the gate is resistive. 

The above implies that the cryotron be 
made to switch only when it is positive and 95 
that the switching point be at a value of it 
less than I,. The bias current lb must have a 
polarity such that it aids it in the control 
winding 24 during the positive swing of i^ 
Furthermore, the critical value of it, which 100 
will be called la^, must be less than I». Ic^ 
may be defined as 



Here lo is the actual critical control current 

of the cryotron at a gate current of 1^ — lo^, 105 

It is helpful to observe the plot of the path 
of operation of the circuit on a cryotron gain 
curve, and this is illustrated in Figure 2a. The 
axes represent ig and i^ as shown, and the 
major axis of the elliptical gain curve is shifted 110 
left by the amount lb. The locus of operation 
is the straight line 

ic Ifl - it 

which intersects each axis at I*. 

It may be immediately seen that, in order 115 
that resistance be introduced for increasing 
it at positive values of i^ and i^, incremental 
gain, as defined above, greater than unity is 
essential. 
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The leners A through E relate points on 
the diagram to points on the sinusoidal varia- 
tion of it shown in Figure 2b, Note that it is 
possible with the cryotron shown for it to 
exceed I, on the positive swing for a lower 
amplitude than that for which it reaches the 
critical value, point on the negative swing. 
In this case, amplitude limiting of the oscilla- 
tion would occur due to the reversal of ig in 
J the resistive gate. Were point E reached firsts 
hmiting would occur due to switching of the 
gate to a resistive condition when ii is nega- 
tivc- 

The analysis below will aisumc the former 
5 is the case, since limiting by gate current 
reversal is linear in the sense that it does not 
involve parameter changes, and so it does not 
introduce distortion of the waveform. This 
limiting mechanism is implied in the mathe- 
3 matical treatment below^ and it will give rise 
J the results to a stable value of peak 
Obi^illation current. 

Since the circuit resistance assumes the 
constant value zoio for a range of values of it, 
5 and another constant value for the remain- 
der of the range of it, a step-by-step linear 
analysis may be performed. For this purpose 
' reference is made to the waveforms of Figures 
3a and 3b. 

3 First, consider that part of the oscillation 
.cycle shown in Figure 3a for which it!< I^^ 
and die gate resistance is ^ero. The waveform 



of it is constrained to be that of an undamped 
sine wave since the loop in which it flows 
contains only L and C. For this part of the 
cycle it is designated Ii .to distinguish the 
solurions for the two linear steps. 

At t = 0 assume ij equals lo* and, since it is 

dix 

desired to obtain a negative ^ initially, let 

the initial charge on C be assumed to be a 
positive value Qj. 

The Laplace transform equation for the 
circuit is : 



CS 



(Q,i + Ix (S)) + LS I, (S) - LI,^ = O 



LCL 



LC 



By defining (LC)r^ as as is usual, the 
inverse transform is found to be: 



(lA) i. 



cos Wot -Wo sm Wot 



or 



(IB) u 
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The next point of interest on the wave 

equals Iq^ 
time Ti, 
0 sin <Ug Ti 



The division by sin Ti eliminates the 
form is that at which i^ again equals lo^ trivial Tv=0 solution. This equation relates 
which will occur at time Ti. At time Ti, Ti to Qo 



( ) V = Io^ cos a,, T, -Q 
which yields 

cos Ti - 1 

(2B) Q, 



Wo L 



sin <x>o Xj 
Qi-Qo + I, 



Next the charge Qi at Ti is found 



cos W(,t: ■ <i>o sin iDjt 



of 



ix (t) dt 



(3) Qi = Q, I cos u,, Ti + 
Substimtion (2B) into (3), 



sin (Og Tj 



V / 1-cos c., T, 
Q, = _ 

0*0 \ Sin u>6 Ti 



- Q. 



(4) Q, = - Q„ 



• This result might have been obtained 
directly from the symmetry of the sinusoidal 
waveform, by observing that the slope at t=0 
is the negative of that at Ti and that the 
charge is proportional to the rate of change 
of current in a loop containing only L and C. 
From the foregoing the initial conditions 
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have been found for that pornon of the cycle for the two linear pieces under consideration 5 

shown m Figure 36 for which the gate has The Laplace transform equation for the current 

resistance Rj. For this part of the cycle i. on a new time scale starting from t=:^0 in 

IS designated I.^ to distinguish the solutions Figure 3* is- 



CS 



— ^ + 1 (S) j + LSI (S) - LIc^ + R,I (S) 0 



/ Re I. Qi \ Where 

S + R 

\ L V LCV / a. 1_ 



10 I(S) = V L I,^ LCL' 

L LC <r=— 1- 



2L 



An oscillaiory solution is assumed, Ctbat is 
R= 1 V ^ 

'< ) so that the wave form will 



remain as nearly sinusoidal as possible. In these terms, the inverse transfomi for the 20 I 

_ ^ current Xa is : 

1 nc transform is : n _ 

15 I (^S)^l^ ^"^^ (^A) = e— ' cos ^ti + -^!— ^ sin ^t 

(SB) i:, = l^^ Sin j0t + tan--^ 

As before, let Ij^W^ (using 5A) at time Ta 
2^ V = I,^ e ^orT.s cos ^T^ + sin fiT^ j 

and solve for rhe value of for which ^ = 1^^ at 

file"- COS^Ta 1 ^Ti V 

e sin ^T^ 

The charge at time T.. in Figure 3b is: 



30 where, using equation (5A), 
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(7) J 



e sin ,eTa h 



— 0:T:: — T 

— e sin jSTo -f- e 'cos pT. - 1 



c cos y^Tz 



1 -«T, 
+ Io^ — e sin ^T-* 



- — 1 



Note from equations (IB) and (5B) that 
die amplitudes of ix and ia are directly depen- 
dent on Qo which is the ne^tive of Qj. Since: 
all other quantities are constant, it can be 

n that the amplitude of current is constant 
a-vrm cycle to cycle if Q2r=Q,, and the 
amplitude builds up if Qj; > Q„. A relation- 
ship must be found among the circuit para- 
meters and currents such that 



= Qi 4- aQ=.^Q - Qo :> Q, 



or 



(8) AQ^2Qo 

Substituce equation (7) into equation (8) and 
using Qo = .-Qi in equation (7), eictensive 
smiplification yields: 



( 1 ^ — ) 2afi sin pT^-^p^ 

\ 21, / 21. V 

( . \ • 

1 . Zcffi sin /?T2 - 

\ 21, / 21. 



— <tT2 



— e 



sin h aT, ^ 0 



Since the second term will be positive. 



1 



21, 



sin /JTa ^ sin h <tTs 



21, 



For convenience define i„* = 



21. 



so 



(9) 



^ \ ioW 



sin PT. ^ sin h ^tTa 



Looking at the relationship of equation or 
inequality (9) graphicaUy illustrated in Figure 
4, it is seen that the condition stated will ejdst 
for a range of the variable between 0 and 
T„ in Figure 4 provided the initial slope at 
Ta=0 of the left-hand term of equation (9) 
exceeds that of the right-hand term. This is 
necessarily sadsned since, referring to Figure 
20, lo^ must be less than L, for resistance to 
occur at position i^. The maximum value of 



io^ is then 0,5, so the mfnimnm value of 



is then unity. The initial slope of the right- 
hand terra is alpha and that of the left-hand 
term must be greater than alpha, satisfying the 
condition for a positive range of Tc in Figure 
4 over which equation (9) hold^. 

It has now been found that the oscillation 
amplitude will build up if the duration of the 
resisuve part of the cycle is less than a value 
Tfti defined by 



(10) 



sin ^Tm = sin h <rT„ 



For given natural frequency, parameters, 
and supply currents, the value of Ta increases 
as the amplitude of oscillation increases. For 
small oscillatory amplitudes such that Tj ■<TTn, 
the amplitude grows; however, for' larger 
oscillatory current amplitudes such that 
Ta > Tm, the oscillatory current amplitude 
will decay. The scilladon current amplitude 
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Chen seeks a value such thac T2 = T^ whereby 
a stable steady state ampliuude of oscillation 
can exisc without the necessity of switching 
the cryotron in the negative half cycle. 

"Hunting" of the stable point, causing an 
oscillatory envelope, does not occur, if Q2 is 
a raonoconically increasing function of in 
the range of interest^ as is the case here. 

Now the stable amplitude of the positive 
and negative half cycles can be found as well 
as the period of oscillation as functions of the 
parameters. 

The amplitude of the negative (free) half 
cycle, from (IS), is 



15 



20 



Where Q is the stable value of Qo found 
from (6B) using (4) and T2=Tm. 

The exact amplitude of the positive (driven) 
half cycle is found by obtaining the first 
maximum of equation (5B) by differentiation; 



addition, much of the preceding general 
analysis is irrelevant to this case. There follows 
a general outline of the specific results for 
lo • = 0, 

(IC) ii=.-aj,, Qp sin ojot 

(5C) ia= — 21,' -f- Qo e— ^ sin ^t 

Note that (6A) is now trivial and r6B) is 
irrelevant. 

For this case;, T2 is — , not a function of 
amplitude as it is in general. 
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(ao-«)=^4-jff» 



where Tp= -*/ — • — — — 



tan" 



an — la 



25 



T2 is already known, but the period of tiie 
free swing, T^, must be found. 

Referring to Figure 5, Equation (IB) in- 
dicates that rhe first positive <^<{n inter- 
cept occurs at tan""^ 



I o,„ Q y 



the second occurs at n- + tan' 



■-(— ) 



30 



and symmetry indicates tiiat another addition 
of tan~^ 



yields Tj. 



Therefore, 



Ti = 77 + 2 tan— ^ 



(11) T,== ^. 



tan 



1—1 



Wo Q 



The period of oscillation is then T = Tx + Tj 
35 The specific case for which the cryotron is 
biased exacdy at the switching point, that is, 
Io = Ib or !o^= 1^,^=0, is of special interest 
since the relative- simplicity of the solution 
allows for clearer physical interpretation. In 



Q2 = Qi + 



C7A) .Q-[-1.2I.*Q.] [1— (^),] 

Again, the oscillation amplitude is building 
up if Q3 > Qo, stable if Qz= Qo, and decay- 
mg If Q,'< Q, 



(1 



2) Q^-2Lr l + e- — n- +Qoe-_:r 

V fi J 

Q3 is a linearly increasing function of Qq 
in this case, facilitating a graphical picture 
of the buildup of oscillation. There is a positive 
Q3 intercepx, so a slope less than one is 
required for a point to exist where Q2= Qo, 

Of 

The slope e— — satisfied this condition since 

— is always positive. Figure 6 shows Qo and 

Q2 each as a function of Q^. The intersection 
is Q, the value of Qo for which the oscillation 
amplitude is stable. Inspection reveals that 
oscillation will grow toward this pomi if 
initially below or decay toward it if initially 
above, and that no "hunting" can occur. The 
broken lines show the path of budldup in 
several successive cycles for an initial Qo 
value of E. 

Analytically, from (12) 
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(13) Q=2r, 



1 - e- — 



I 



1^ 
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The requirements of equations (26) are 
necessary bur nor sufficient to build up oscilla- 
tion. In order to set further requirements, end 
condmons on the transmission line must be 
specified. Up untQ now rcfenince has beea 
made to an unloaded oscillator or one in which 
tne far right end of the transmission line is 
truly Ml open circuit. In this case equation (26) 
IS sufficient to describe buildup conditions 
In practice, however, a load will be placed on 
the oscillator, probably at the far end of the 
line. Let us assume that this load is a pure 

ac thf far' fpflection coefficienf K 

at the far end of the line is then 



11 



The current wave wiU be reflected twice 
from the load end before it will o?ce Sn 
be required to produce a supcr-to-nomal 

(26) IS modified to account for loading is that 



20 



5 (27) |K| = 



K Z. 



(28a) |K( = 



and 



(28b) (K|=, 



I. 



1+2^/^ 



I. 



> llo, (F>( -I, 



G» (I.,— lb) -I, 
Gx-1 



"here we assume R. > 



Combining equations (27) and (28) the a« 
5^d^as"°'"''°°' '""'^ "^^^ 



f 



Gx(I..-I^)_I. 



Equation (29) seems to indicate that it is 
theorencally possible to compensate for Lmost 

tTz'hJ^!?-'''^ -^^^? ^ (bS not^^ 
^^ 5- adjustmg the bias. Practically 3 

f^ mw^^ ^ difference of a 

tew nucaro amperes between I„ (F) and 1. 
may not be feasible ^ 

ruF^^"^"^ ^ used to deteiniine 

mimmum value that R, can have and yet 

par-'^ri^i'^"^" ~ - ' 

givIJ\ori?o^i.^°^'' 



^P^^f^P^^'i';. continue to increase 
imtO one of the Iiminng actions takes place 
Tl^e maxmium amplitude, S, possible Snder 
conditions of limiting at point E is 

(31a) S (E) .= 1 1, I ._ I i„ (E) I 



55 



or 



(316) S (E) = 



Ga(Ij.^I^)-I, 



I. 



(30) R. >Z. 



I« (F) - It 

i+Zo/r/ 



•+ 1 



I. 

1°.(F)-I. 
1 +Z./Rj 



- 1 



The assumption of instantaneous swiichinff 
of die gate implies that the steps in the bmldul 
^f cuirent will be of uniform amphmde. 
"hh v^^ ^1^" ^^Pr^"^ tSe steps 

he^Sip""''"' ^° '^'^'^^^^^ 



^The ampUtude obtainable for limiting at 
point Q IS 

(32) S (Q) = |I„(Q)1.-I.=I. 

A large swing may be obtained by selectinc 
aa operating point such that 

(33) S CE) = S (Q) ^ I, 

This point is defined by 
(34a) I, « _ I (E) I 
or 
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(34b) = 



G2-H2 
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The number of cycles required to build up 
to steady-siate oscillation can be found 
approximately by dividing the final amplitude 
by the current addition per step. 

Thus when operating according to the con* 
ditions specified by equation (33), die number 
of cyclesj is given approximately by 



(3-5) n^ 



The power that the oscillator delivers to the 
load is given by 



(36) Pout = — (1 - I K D^S^R* 
2 




which under the 
equation (33) is 



(37) Pout = 2 le-Z, 



Conditions specified 



by 



(IJ + !Z,/R^)= 



A possible source of trouble is having a 15 
nonuniform wave front of current propagating 
on the tranamission Line. This arises since there 
is a phase difference between the current wave 
reflected from the superconducting gate and 
the additional step of current produced when 20 
the gate switches resistive. To minimize this 
effect it is necessary to keep the distance 
between the gate-ground connection and the 
control line down to a minimum. This length 
of line is longer in the case of an in-line 25 
cryotron than in the crosscd-film cryotron. The 
effect is accentuated further by the finite time 
required for resistance to appear. Both of 
these difficulties may contribute to the ultimate 
frequency limitation of this device. 30 

Another problem that may arise is the 
presence of mismatches caused by discon- 
tinuities in the transmission Line, Calculations 
sho%v that within the expected range of dis- 
continuities, the additional reflections have 35 
negligible effect. 

An^ oscillator was designed with the follow^ 
ing dimensions. 



40 



45 



50 



Cryotron 
Oate 

R« 

Bias field 
I. 

T/T„ 
Gain (Gt) 

Ioc(F>-^It> 

Transmission 

velocity 
length 



Line 



In-line 

Indium* -4000 A, 0,009 x ^ft' 

0,054 ohms 

116 oersteds 

0.280 amp 

0.840 

4 

0-0125 amp 



ohms 



0.432 
C/2 

0.031 amp 



55 



OscUtator 
Frequency 
Amplitude 
Minimum R. 
Power Out 

Dissipation in 
the Gate Element 



0,57 Gc/s 
0.255 amp 
2 ohms 

R« = 50 ohms; 0.49 milliwatt 
Ra = 300 ohms; 0.08 miUiwatt 

^ I,-Rj = 2.1 milliwatts 
2 



60 



65 



A glass substrate is not useable with this 
high dissipation level since the temperature 
rise increases the operating temperature to 
greater than .90 per cent of the critical tem- 
perature. At this high operating temperature 
there is little or no gain, and furthemaore, the 
gate element is always resistive at the operat- 
ing current levels.^ To circumvent this, a high 
theimal conductivity substrate is required, 
such as sapphire or aluminum. 



WHAT WE CLAIM IS: — 

1. An oscillator circuit including at least 
one cryotron having a gate conductor and a 
control conductor, in which the gate conductor 
is connected across a source of driving current 
in parallel with a series circuit including the 
control conductor and a capacitance, and 
including means for applying a bias magnetic 
field to the gate conductor, 

2. A circuit as claimed in claim 1, in which 
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the capacitance is provided by the distributed 
capacitance of a transmission line. 

3. An oscillator as claimed in cledm 2, in 
which the transmission line is open-ended and 
is one quarter wavelength long at the desired 
frequency of oscillation of the circuit. 

4. An oscillator circuit including a cryotron 
having a gate conductor and a control con- 
ductor; a source of current connected across 
two paths in parallel with each other, in one 
of which is the gate conductor of the cryotron 
and in the other of which is the control con- 
ductor of the cryotron in series with a capacitor 
and inductance, and in which the control wind- 
ing has connected in parallel across it a source 
of bias current. 

5. An oscillator circuit including two 
cryotrons each having a gate conductor and 
a control conductor, in which the gate con- 
ductors are connected in parallel with each 



other across a source of driving current^ in 
which one end of one control conductor is 
connected through a series-connected capacitor 
and inductor with one end of the other control 
conductor, in which the other end of each of the 25 
control conductors is connected direcdy or 
indirectly to the source of driving current, and 
including means for appljdng a bias magnetic 
Held to the gate conductor of each cryotron. 

6. A circuit as claimed in claim 5, in which 30 
the biassing means includes a source of bias 
current connected in parallel with the respec- 
tive control conductor. 

7. An oscillator circuit substantially as 
described herein with reference to Figures 1, 35 
7, 8, 9 or 10 of the accompanying drawings. 

For the Applicants, 
K. B. WEATHERALD, 
Chartered Patent Agent. 
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